Fluorouracil plus oxaliplatin (L-OHP) (FOLFOX) plus bevacizumab (BV) therapy is commonly administered to patients with metastatic colorectal cancer. However, few reports have described L-OHP therapy in hemodialysis patients, and the efficacy and safety remain uncertain in this population. Here, we report three cases of hemodialysis patients with colorectal cancer who received a modified FOLFOX-6 (mFOLFOX-6, or FOLFOX plus folinic acid) plus BV regimen every 3 weeks. One patient, a 65-year-old man with chronic renal failure consequent to diabetic nephropathy, underwent hemodialysis 3 times/week. He exhibited a partial response after 7 cycles of mFOLFOX-6 plus BV, with the major adverse events of Grade 1 peripheral neuropathy and Grade 2 thrombocytopenia. He died of perforation-related septic shock. A 71-year-old man previously treated with bosutinib for chronic myelocytic leukemia received 9 cycles of mFOLFOX-6 plus BV and achieved stable disease. Chemotherapy was administered every 4 weeks, and the 5-fluorouracil dose was reduced after he developed Grade 4 neutropenia. A 71-year-old woman with chronic renal failure consequent to diabetic nephropathy underwent hemodialysis 3 times a week. She received 3 cycles of mFOLFOX-6 plus BV, but exhibited disease progression and developed Grade 4 neutropenia, which necessitated a reduced 5-fluorouracil dose. After completing FOLFOX therapy, she began second-line irinotecan/5-fluorouracil/leucovorin (FOLFIRI) plus BV therapy. In two cases, bone marrow suppression increased the difficulty of L-OHP dose escalation. We conclude that mFOLFOX-6 plus BV, with appropriate dose reduction, is acceptable for patients with chronic renal failure. Further data are needed to determine the adequate chemotherapy dose.
Introduction
The global incidence of colorectal cancer, the third leading cause of cancer-related death, continues to increase [1] . Modified FOLFOX-6 (mFOLFOX-6; oxaliplatin (L-OHP) with 5-fluorouracil (5-FU) and folinic acid) plus bevacizumab (BV) is a standard chemotherapy regimen for metastatic colorectal cancer. This treatment was reported to yield an objective response rate of 52% and median time to treatment failure of 5.8 months [2] .
Although long-term hemodialysis is a significant risk factor for cancer [3] , only a few reports have described the use of FOLFOX therapy in patients undergoing chronic hemodialysis. Therefore, the efficacy and safety of FOLFOX therapy in this population remains unclear. Herein, we report 3 cases involving patients undergoing chronic hemodialysis who received mFOLFOX-6 plus BV for metastatic colorectal cancer. All three received mFOLFOX-6 as described by Horimatsu et al. [4] , with hemodialysis initiation immediately after L-OHP infusion. Treatment efficacy was evaluated according to the Response Evaluation Criteria in Solid Tumors (RECIST) 1.1 criteria, and adverse events were evaluated according to the Common Terminology Criteria for Adverse Events (CTCAE) v 4.0.
Case Report/Case Presentation

Case 1
A 65-year-old man with chronic renal failure consequent to diabetic nephropathy had undergone hemodialysis 3 times/week at another hospital since March 2017. Screening prior to hemodialysis induction revealed a moderately/poorly differentiated adenocarcinoma in the ascending colon. The tumor was G13C KRAS mutation-positive but BRAF mutation-negative. Computed tomography (CT) revealed a 20-mm metastasis to S6/7 of the liver. The patient was diagnosed with stage IV colon cancer and underwent a right colectomy in April 2017, followed by resection of the liver metastasis in July 2017. Postoperative CT revealed multiple lung metastases, liver metastasis, lymph node metastasis, and ascites.
The patient began receiving chemotherapy at our hospital in November 2017. At that time, his ECOG performance status, body surface area (BSA), and body weight were 1, 1.88 m 2 , and 76.9 kg, respectively. He began receiving mFOLFOX-6 (L-OHP: 60 mg/m 2 Figure 1 . This patient achieved a partial response and developed the major adverse events of Grade 1 peripheral neuropathy and Grade 2 thrombocytopenia. He died of perforation-related septic shock at the other hospital.
Case 2
A 71-year-old man with chronic renal failure consequent to diabetic nephropathy had undergone hemodialysis 3 times/week since February 2017. He had a history of chronic myelocytic leukemia for which he had received bosutinib in the hematology department of our hospital. An examination revealed anemia, and a colonoscopy identified a KRAS and BRAF mutation-negative type 2 adenocarcinoma (tub1/ tub2) in the rectum. He underwent laparoscopic colectomy and partial resection of the intestine, which led to a diagnosis of stage IIIa rectal adenocarcinoma. No adjuvant chemotherapy was administered.
In April 2018, CT revealed multiple liver metastases and evidence of local recurrence. At that time, his performance status, BSA, and body weight were 0, 1.7 m 2 , and 55. Figure  2 . The patient developed the major adverse events of Grade 4 neutropenia and Grade 3 leukopenia. No non-hematological adverse events were observed. He continues to receive treatment.
Case 3
A 71-year-old woman with chronic renal failure consequent to diabetic nephropathy had undergone hemodialysis 3 times/week since August 2017. She presented with anemia, and a colonoscopy revealed a G12D KRAS mutation-positive, BRAF mutation-negative type 2 adenocarcinoma (tub2 > por2) in the transverse colon. As CT revealed a liver metastasis, the patient was diagnosed with Stage IV colorectal cancer and underwent a laparoscopic right colectomy in September 2017, followed by a resection of the liver metastasis in December 2017.
In May 2018, a postoperative CT examination revealed multiple lung metastases and a recurrence of the liver metastasis. At that time, her performance status, BSA, and body weight were 2, 1.4 m 2 , and 52. Figure 3 . FOLFOX therapy was discontinued, and irinotecan/5-fluorouracil/leucovorin (FOLFIRI) plus BV therapy was initiated as a second-line treatment.
Discussion/Conclusion
In this case series, we have demonstrated the acceptability of mFOLFOX-6 plus BV for colorectal cancer in patients undergoing chronic hemodialysis. However, two patients developed severe hematological adverse events such as bone marrow suppression, which presented challenges with respect to L-OHP dose escalation. Table 1 lists the published cases involving FOLFOX therapy for colorectal cancer in patients receiving chronic hemodialysis [4, [5] [6] [7] [8] [9] [10] [11] [12] [13] . In all listed cases, the L-OHP dose was reduced to 50-80% of the standard dose (85 mg/m 2 ) and in most, hemodialysis was initiated immediately after L-OHP infusion. In all previously reported cases, FOLFOX therapy was administered safely without any severe adverse events and although the efficacy of this treatment is unclear, tumor progression was not observed in most cases. In our cases, the starting L-OHP dose was 60 mg/m 2 , with the intent to escalate to 85 mg/m 2 . However, this was difficult due to myelosuppression. Major hematological adverse events, such as thrombocytopenia and neutropenia, were observed. Although Grade 4 neutropenia occurred in two patients aged >70 years, febrile neutropenia was not observed. These adverse events were managed adequately by appropriate dose reductions and increased intervals between subsequent chemotherapy cycles. No severe non-hematological toxicities (e.g., peripheral neuropathy) were observed in our three patients.
The pharmacokinetic data in previous reports demonstrate that free platinum levels follow a bimodal pattern, with peaks appearing at 2 and 26 h after the start of L-OHP administration. The second peak appears after the first hemodialysis session and is attributed to the dissociation of platinum bound to plasma proteins and blood cells or to the return of platinum from the tissues to the blood. In patients receiving hemodialysis, this second peak has a greater influence on the area under the curve than that observed with FOLFOX therapy in patients with normal renal function. Therefore, patients receiving hemodialysis generally are generally treated at intervals of 3 weeks, which is longer than the interval used for FOLFOX therapy in patients with normal renal function.
A previous study by Giacchetti et al. reported differences in hematological toxicity between patients treated with FOLFOX-2 and a chronomodulated infusion of L-OHP, 5-FU, and leucovorin (chronoFLO4) and suggested that hematological toxicity correlates with the Cmax of L-OHP [13] . In our three patients, the Cmax for a L-OHP dose of 60 mg/m 2 was approximately 50-94% of that observed with for a L-OHP dose of 90 mg/m 2 in patients with normal renal function [14] . Although the Cmax values of serum platinum concentrations in our cases were similar to those in other reports, our patients exhibited more severe hematological toxicities.
Moreover, the plasma platinum concentrations before L-OHP administration and the platinum Cmax increased gradually in our patients with each treatment course, and hematological adverse events occurred from the first therapy cycle. In other words, we did not observe a relationship between Cmax and the severity of hematological toxicity, possibly because we administered appropriate doses of 5-FU. Our findings may be consistent with other reports that did not suggest a relationship between the Cmax of L-OHP and hematological toxicity. An understanding of the correlation between toxicity and L-OHP pharmacokinetics in hemodialysis patients should also consider concentrations of other drugs in the combination regimen.
In conclusion, our cases demonstrate the acceptability of the mFOLFOX-6 plus BV regimen for the treatment of advanced colorectal cancer in patients receiving hemodialysis. However, it is necessary to monitor toxicity carefully in these patients, given the tendency of adverse events to be severe and the consequent need for L-OHP dose reduction. Further investigations should aim to clarify the dose and chemotherapy intervals to allow adjustments according to plasma platinum pharmacokinetics and the occurrence of adverse events.
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